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Abstract 

The availability of cowpea flour for instant moi-moi (steam 
cowpea paste) and akara (roasted cowpea paste) preparation 
has attracted interest of researchers and industrialists. The 
process involves series of unit operations which are energy 
dependent. Study on energy use and conservation of these 
processes will provide valuable information for commercial 
producers of these product and researchers. Therefore, 
estimation of energy utilization and conservation approach 
was the focus of this study. Standard equations were 
employed to compute energy expended in each unit 
operation. Two factories were used as case study for the 
purpose of the reduction of energy intensity by means of 
conservation approach. In factory A, total energy used was 
806.44MJ, the highest proportion of energy (412.82 MJ) 
equivalent to 51% of which was consumed in the course of 
drying. In factory B, milling operation consumed the highest 
proportion of energy (360.13 MJ), which is equivalent to 63% 
of the total energy demand (567.65MJ). Energy intensity for 
the production of cowpea flour was estimated to be 3.84 and 
63.07 MJ/kg for factory A and B, respectively. Introduction of 
draining as unit operation reduced energy requirement to 
dry the same quantity of cowpea by 94.72 MJ. In addition, 
use of hammer mill in replacement of attrition mill for size 
reduction saved 359.62 MJ. 
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Introduction 

Cowpea (Vigna unguiculata L. Walp.) is an annual 
grain legume whose production has increased 
dramatically in the last 25 years (Olapade, 2010). 
Cowpea seed, a nutritious component both for the 
human diet and livestock feed, contains about 24.3% 
protein, 1.9% fat, 6.3% fiber, 63.6% carbohydrate 
0.00074% thiamine, 0.00042% riboflavin and 0.00281% 
niacin (Henshaw et al., 2003). The crop is widely 
consumed in different forms in Nigeria and other 
West African countries. Some of the foods produce 
from cowpea including ewa (boil cowpea), akara (fried 
cowpea paste), moin-moin (steam cowpea paste), ekuru 



and gbegiri (cowpea soup). Various types of products 
are traditionally produced by soaking, dehulling, 
grinding, boiling or frying Henshaw et al, 2003). Use 
of cowpea as composite flour for bread making has 
been reported (Oladunmoye et al, 2010). 

The food industry is one of the energy-intensive 
industries. Energy efficiency, environmental 
protection, and food processing waste management 
have attracted increasing attention in the food 
industry. Effective energy utilization and energy 
source management in food processing facilities are 
desirable for reduction of processing costs, 
conservation of non-renewable energy resources, and 
reduction of environmental impact. Greater awareness 
of the existing energy issues has been raised in recent 
time compared to that in any other period in history 
(Wang, 2009). It is now widely accepted that the 
current rate of energy generation and supply are 
reluctant to keep pace with the rapid growth in energy 
consumption rate (Aiyedun et al, 2008). The 
importance of energy in sustaining economic 
development is a well-accepted fact. 

The efficiency of energy utilization in a manufacturing 
industry requires the knowledge of energy 
performance of machines, plant and all other 
parameters directly associated with the production 
process. The need to conserve energy in 
manufacturing industry is of paramount importance. 
In order to reduce the operation and maintenance 
costs to a minimum, the cost of energy consumption, 
the prime factor under operation cost, must be 
monitored (Wang, 2009). Energy and exergy 
efficiencies in food processing facilities vary with end 
users and production lines. Procedural and 
behavioural changes can save about 30% energy 
without capital investment (Fisher et al, 2007). 
Available literature on estimation of energy input in 
food processing includes sugar-beet production (Mrini 
et al, 2002), cashew nut processing operations 
(Jekayinfa and Bamgboye 2006), palm-kernel oil 
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processing operations (Jekayinfa and Bamgboye 2007), 
bread making processes (Le-bail et al., 2010), sugar 
production factory (Abubakar et al, 2010) and cashew 
nut processing mills (Atul et al, 2010). 

The availability of cowpea flour for instant moi-moi 
(steam cowpea paste) and akara (roasted cowpea paste) 
preparation has attracted interest of researchers and 
industrialists. The process involves series of unit 
operations which are energy dependent. Study on 
energy use and conservation of these processes will 
provide valuable information for commercial 
producers of these product and researchers. Therefore, 
estimation of energy utilization and conservation 
approach is the focus of this study. 

Material and Methods 

Collection of Data 

Data for quantification of energy used for each unit 
operation of processing cowpea flour were collected 
from two commercial food-processing factories 
involving in cowpea flour production. Methodology 
used included on-site study of all unit operations in 
the industries, structured questionnaire, and oral 
interview of production manager and factory workers. 

Energy Quantification 

Energy utilization was quantified as a function of 
power required for each unit operation (P), and time 
taken to complete each unit operation (t). These were 
expressed using Equations 1 to 11. Parameters used for 
the calculation is presented as Table 1. 

Conservation Approach 

Same cowpea quantity (9 kg) processed in factory B 
was processed to flour. Slight modification in the 
processing method and equipment was introduced. 
Draining of dehulled cowpea before drying was added 
as a unit operation. In addition, hammer mill was used 
for size reduction in place of attrition mill. Other 
processes remained. Energy expended was quantified 
using appropriate equations as stated above (Equation 
1 to 11). 



E = KP t + PNt 
E pg =KP pg t + P w Nt 

Epk + Erj r + Eh + 



E = f{P,t) 


(1) 


E = P * t 


(2) 


E pk = P w Nt 


(3) 


E dc = WC d + P m Nt 


(4) 


E d =WC p +P m Nt 


(5) 


E b = KP b t + P w Nt 


(6) 


Ed = P w Nt 


(7) 



Eb + E c i + E m + E, 



J int 



= E 'I< 



pg 



(8) 
(9) 

(10) 
(11) 



Where 

P is Power required (kW) 

t is Time taken to complete unit operation (h) 

3.6 = Conversion factor (lkWh = 3.6MJ) for electrical 
energy 

P m is average power of a normal male labour, 0.75 
MJ/h 

P w is average power of a normal female labour, 0.68 
MJ/h 

E pk is energy for picking (MJ) 

E dc is energy for decorticating MJ 

W is quantity of fuel used 

Cd is calorific value of fuel used (diesel) 

E d is energy required for drying MJ 

C p is calorific value of petrol 

E b is energy for blowing MJ 

K is power factor 

P b power rating of blower (kW) 

E d is energy required for cleaning MJ 

E m is energy required for milling MJ 

Pmac is power rating of milling machine kW 

E pg is power required packaging MJ 

P pg is power rating of sealing machine (kW) 

E int is energy intensity (MJ/kg) 

Q is the quantity of raw material (kg) 

Statistical Analysis 

All the experimental procedures were repeated thrice. 
Mean values were recorded as data obtained. The data 
were subjected to descriptive analysis. 

Results and Discussion 

Energy Distribution Pattern 

Table 2 showed energy distribution pattern of the two 
factories used as case study. In factory A, total energy 
used was 806.44MJ, the highest proportion of energy 
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(412.82 MJ) equivalent to 51% of which was consumed 
in the course of drying. Dehulling consumed 45% 
(360.75) of the energy requirements for production 
cowpea flour. Other six-unit operations used 4%. This 
information pointed to the fact that reduction in 
energy expended for drying and dehulling will 
significantly reduce total energy requirements and 
intensity. Similar observation was reported on 
production of milk powder (Ramirez et al., 2006). 
Drying as a unit operation has consumed large 
proportion of energy in food processing (Singh, 1986). 
Old dehuller (20 years) used in the factory (A) might 
also be contributive factor to its high-energy demand. 

TABLE 1 PARAMETERS FOR EVALUATING ENERGY 
CONSUMPTION PATTERN 



Operation 


Parameters 


A 

I\ 


T2 
D 








(210 


(9 kg) 


(9 kg) 






k g) 






Picking 


Persons 


10 


NA 


2 




Time (h) 


2 


NA 


0.17 




Gender 


F 


NA 


F 


Dehulling 


ruei \ \^) 


JLU 


L 


1\ A 




Calorific (MJ/L) 


36 


36 


NA 




Persons 










Time (h) 


1 


1 


2 




Gender 




O.oo 


O.O 






M 


M 


F 


Draining 


Persons 


NA 


NA 


2 




Time (h) 


NA 


NA 


0.17 




Gender 


NA 


NA 


F 


Drying 


Fuel (kg) 


12.5 


3 


NA 




Calorific (Ml/kg) 


33 


27 


NA 




Persons 










Time (h) 


1 


1 


NA 




Gender 


0.42 


48 


1 




Factor 


M 


M 


12 




Power (kW) 


NA 


NA 


M 






NA 


NA 


0.66 


Blowing 


Factor 


0.91 


3 


NA 




Persons 


1 


1.64 


NA 




Time 


0.25 


NA 


NA 




Gender 


F 


NA 


NA 




Power (kW) 


0.13 


NA 


NA 


Cleaning 


Persons 


10 


NA 


NA 




Time (h) 


1.5 


NA 


NA 




Gender 


F 


NA 


NA 


Milling 


Factor 


0.82 


NA 


0.82 




Persons 


1 


1 


1 




Time (h) 


2 


0.17 


0.07 




Gender 


M 


M 


M 




Power (kW) 


5.49 


NA 


5.49 




Fuel (L) 










Calorific (MJ/kg) 


NA 


10 


NA 






NA 


36 


NA 



Packaging 



Factor 


0.79 


0.79 


0.79 


Persons 


3 


2 


2 


Time (h) 


1.5 


1.5 


1.5 


Gender 


F 


F 


F 


Power 


4.7 


3.8 


3.8 



NA means not applicable, F is female, M is male 

Picking, blowing and cleaning were excluded as unit 
operations in factory B. Contrary to energy 
distribution pattern of factory A, milling operation 
consumed the highest proportion of energy (360.13 
MJ), which is equivalent to 63% of the total energy 
demanded. Drying, dehulling and packaging utilized 
21, 13 and 3% of the total energy input, respectively. 
Size reduction is one of the least energy-efficient of all 
the unit operation and the cost of power is a major 
expense in crushing and grinding (McCabe et al, 2005). 
Type of machine and source of energy were factors 
that might also influence energy utilization. The 
factory used attrition mill powered by diesel engine. 
Size reduction consumed high energy and attrition 
mill is not efficient for flour milling. One measure of 
the efficiency of the milling operation is based on 
energy required to create new surfaces (McCabe et al., 
2005). 

TABLE 2. COMPARISON OF ENERGY EXPENDED BETWEEN 
THE TWO FACTORIES 

Energy Expended (MI) 



Unit operation 


Factory A 


Factory B 


Differences 


Picking 


13.60 ± 


NA 




Dehulling 


360.75 


72.06 




Drying 


412.82 


117.00 


295.82 


Blowing 


0.28 


NA 




Cleaning 


10.20 


NA 




Milling 


3.74 


360.13 


356.39 


Packaging 


5.05 


18.46 


13.44 


Total 


806.44 


567.65 


238.79 


Intensity (Ml/kg) 


3.84 


63.07 


59.23 



NA is Not Applicable 

Energy intensity for the production of cowpea flour 
was estimated to be 3.84 and 63.07 MJ/kg for factory A 
and B, respectively. Difference of 59.25 MJ/kg was 
recorded between the two factories, which may be 
associated with production capacity. Factory A 
production capacity was 210 kg of cowpea while the 
second factory estimation was based on 9 kg of raw 
material. The energy expended was higher than 0.316 
MJ/kg reported for production of cassava flour 
(Jekayinfa and Olajide, 2007). The differences may be 
traced to the crops physiology and source of energy. 
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Conservation Approach 

Introduction of draining as unit operation reduced 
energy requirement to dry the same quantity of 
cowpea by 94.72 MJ (Table 3). In addition, use of 
hammer mill in replacement of attrition mill for size 
reduction saved 359.62 MJ. Energy intensity of 
improved method was 4.77 MJ/kg which gave a 
difference of 58.29 MJ/kg. Total energy conserved was 
(497.74 MJ/kg), equivalent to 92.05%. Procedural and 
behavioural changes can save about 30% energy 
without capital investment (Fisher et al, 2007). 

Conclusions 

The study has shown that production capacity, 
processing methods and types of equipment 
determine the energy intensity of cowpea flour 
production. Adopted conservation approach saved 
92.05% of energy input. 

TABLE 3. COMPARISON ENERGY INPUT USING DIFFERENT 
METHODS FOR SAME QUANTITY 



Energy Expended (MI) 



Unit operation 


Factory B Conservation 


Differences 


Picking 


NA 


0.23 




Dehulling 


72.06 


0.68 


71.38 


Draining 


NA 


0.23 




Drying 


117.00 


22.28 


94.72 


Milling 


360.75 


1.13 


359.62 


Packaging 


18.46 


18.46 




Total 


540.75 


43.01 


497.74 


Intensity (Ml/kg) 


63.07 


4.77 


58.29 



NA is Not Available 



REFERENCES 

Abubakar, M. S., Umar, B and Ahmad, D. "Energy use 
Patterns in Sugar Production: A Case Study of Savannah 
Sugar Company, Numan, Adamawa State, Nigeria". 
Journal of Applied Science Research 6 (2010): 377-382. 

Aiyedun, P. O Adeyemi, O. A. and Bolaji B. O. "Energy 
Efficiency of a Manufacturing Industry: A Case Study of 
Nigeria Eagle Flour Mills Limited, Ibadan". ASSET 7 
(2008): 91-103. 

Atul, M., Sudhir, J., Ashok, P., Naren, R and Anilkumar, K 
"Elucidation of Unit and Operations Energy 
Consumption Pattern in Small Scale Cashew Nut 
Processing Mills". Journal of Food Engineering 99 
(2010): 184-189. 

Fischer, J. R. Blackman, J. E. and Finnell, J. A. "Industry 
and Energy: Challenges and opportunities". Resource: 



Engineering & Technology for a Sustainable World 
4(2007): 8-9. 

Henshaw, F.O., McWatters, K. H. Akingbala J. O. and 
Chinnan, M.S. "Thermal Properties of Cowpea Flour: A 
study of Differential Scanning Calorimetry". 
Nahrung/Food 47 (2003): 161-163. 

Jekayinfa, S. O. and Bamgboye, A. I. "Estimating Energy 
Requirements in Cashew Nut Processing Operations". 
Energy 31 ( 2006): 1305-1320 

Jekayinfa, S. O. and Bamghoye, A. I. "Development of 
Equation for Estimating Energy Requirements in Palm- 
Kernel Oil Processing Operations". Journal of Food 
Engineering 79 (2007): 322-329. 

Jekayinfa, S. O. and Olajide, J. O. "Analysis of Energy Usage 
in the Production of three Selected Cassava-based Foods 
in Nigeria". Journal of Food Engineering 82 (2007): 217- 
226. 

Le-bail, A., Dessev, T., Jury, V., Zuniga, R., Park, T. and 
Pitroff, M. "Energy Demand for Selected Bread Making 
Processes: Conventional Versus Part Baked Frozen 
Technologies". Journal of Food Engineering 96 (2010): 
510-519. 

McCabe, W. L., Smith, J. C. and Harriott, P Unit Operations 
of Chemical Engineering. 7 lh Edn. McGraw-Hill 
International , New York pp 984-1000, 2005. 

Mrini, M. ,Senhaji, F. and Pimentel, D.. "Energy Analysis of 
Sugar Beet Production under Traditional and Intensive 
Farming Systems and Impacts on Sustainable 
Agriculture in Morocco". Journal of Sustainable 
Agriculture 20 (2002): 5-28. 

Oladunmoye, O. O. Akinoso, R. and Olapade, A. A. 
"Evaluation of some Physical -chemical Properties of 
Wheat, Cassava, Maize and Cowpea Flours for Bread 
Making". Journal of Food Quality 33 (2010): 693 - 708. 

Olapade A "Physico-chemical, Sensory and Storage 
Characteristics of Cowpea (Vigna unguiculata (L) Walp) 
and acha (Digitaria exilis stapf) Blends for 
Complementary Foods". Ph. D. Thesis. Department of 
Food Technology, University of Ibadan, Nigeria, 2010. 

Ramirez, A., Patel, M and Blok, K "From Fluid Milk to Milk 
powder. Energy use and energy efficiency in the 
European dairy industry". Energy 31 (2006): 1984-2004. 

Singh, P. Energy in Food Processing. Elsevier Science 
Publishing Company Inc. New York. 1986. 



89 



www. f mf i-j ournal . org 



Focusing on Modern Food Industry (FMFI) Volume 2 Issue 2, May 2013 



Wang, L. J. Energy Efficiency and Management in Food 
Processing Facilities. CRC Press & Francis Group, LLC, 
Boca Raton, FL, USA. 2009. 

Dr. Rahman Akinoso obtained B. Sc. (Honours), M. Sc. and 
Ph. D. degrees from Department of Agricultural and 
Environmental Engineering, University of Ibadan, Nigeria in 
1994, 1997 and 2006, respectively. He started his career as 
researcher in 1999 at Federal Institute of Industrial Research 
Oshodi (FIIRO), Lagos Nigeria. Then he joined the services 
of University of Ibadan, Nigeria as a Senior Lecturer in 
Department of Food Technology in 2008. He had served 



dutifully in various administrative capacities within and 
outside the University. Currently, Dr. Akinoso is a member 
of professional bodies, which include Nigeria Institution of 
Agricultural Engineers (NIAE), American Society 
Agricultural and Biological Engineers (ASABE), Nigeria 
Society of Engineers (NSE), and Nigerian Institute of Food 
Science and Technology (NIFST). His research focus is on 
advancement of knowledge in the field of Food Processing 
and Engineering. He has worked on the development of 
food processing equipment, modelling and optimisation of 
oil recovery from plants, and determination of food 
properties. Dr. Akinoso has over forty research publications 
in reputable local and international journals. 



90 



